Introduction {#S0001}
============

In past decades, mortality caused by gastric cancer decreased notably \[[@CIT0001]\], but gastric cancer is still a major leading cause of cancer mortality in the world \[[@CIT0002]\]. Surgical resection and adjuvant chemotherapy are the main treatments for gastric cancer, but the overall 5-year survival rate of patients with resectable gastric cancer is still lower than 30% \[[@CIT0003], [@CIT0004]\]. Metastasis is the most important cause of death and emerging evidence suggests that platelet-derived growth factor B (PDGF-B) signaling was highly expressed in some kinds of tumors and was associated with metastasis of tumors \[[@CIT0005]--[@CIT0007]\]. But the roles of PDGF-B signaling in metastasis of gastric carcinoma are largely unknown.

Epithelial-mesenchymal transition (EMT) is a quite important process in the metastasis of various kinds of solid tumors \[[@CIT0008], [@CIT0009]\], including gastric carcinomas \[[@CIT0010]\]. This process involves disassembly of cell--cell junctions, including downregulation and relocation of E-cadherin \[[@CIT0011]\], so E-cadherin was an important molecular marker of EMT and was widely detected in many tumors \[[@CIT0012], [@CIT0013]\]. Also, the processes of EMT can be triggered by various growth factors, such as PDGF-B \[[@CIT0014]--[@CIT0016]\]. So, we ask whether PDGF-B signaling could induce EMT so as to promote metastasis of gastric carcinoma.

In this study, we examined the expression of PDGF-B, PDGFR-β and E-cadherin in human gastric carcinoma. Then, we investigated the correlation between PDGF-B, PDGFR-β and E-cadherin expression with the clinical features of gastric carcinoma patients to evaluate the relationship between PDGF-B signaling, E-cadherin and metastasis of gastric carcinoma. We also investigated the correlation between PDGF-B and E-cadherin expression to assess the roles of PDGF-B signaling in metastasis of gastric carcinoma.

Material and methods {#S0002}
====================

Patients and tumor specimens {#S20003}
----------------------------

Surgical resection specimens (tumor and corresponding normal mucosa) of gastric tissue from 64 patients with gastric carcinoma at the First Affiliated Hospital of Chongqing Medical University between February 2011 and October 2011 were partly snap-frozen in liquid nitrogen and stored at --80°C until protein extraction for western blotting, and partly fixed by paraformaldehyde for immunohistochemical staining. The patients included 38 males and 26 females, with a mean age of 55.6 years (range, 32--76 years). The condition of the patients was assessed according to the system for staging primary tumor/regional lymph nodes/distant metastasis (TNM) described in the AJCC Cancer Staging Manual \[[@CIT0017]\]. Pathology reports and clinical histories were reviewed for accurate staging at the time of surgery ([Table 1](#T0001){ref-type="table"}). 47 patients (73.4%) had lymph node metastases. D2 or more extended lymph node dissection was conducted in 56 patients (87.5%). All cancers were resected (no residual tumor, R category 0) in 64 patients (100%). None of the patients had received any preoperative treatments, including neoadjuvant therapy. The Research Ethics and Scientific Committee of the Medical Faculty, Chongqin Medical University, approved the study protocol and all subjects gave informed consent.

###### 

Clinicopathological features of patients with gastric carcinoma

  Parameter                            *n*             \%
  ------------------------------------ --------------- ------
  Total number of patients             64              
  Gender                                               
    male                               38              59.4
   female                              26              40.6
  Age                                                  
   mean (range)                        55.6 (32--76)   
  Tumor differentiation                                
   well differentiated                 12              18.6
   moderately differentiated           18              28.2
   Poorly differentiated               34              53.2
  T stage                                              
   Tis                                 0               0
   T1                                  6               9.4
   T2                                  8               12.5
   T3                                  20              31.5
   T4                                  30              46.9
  N stage                                              
   N0                                  17              26.5
   N1                                  9               14.1
   N2                                  16              25.0
   N3                                  22              34.4
  Extent of lymphadenectomy                            
   D0                                  2               3.1
   D1                                  6               9.4
   D2                                  46              71.9
   D3                                  10              15.6
  Residual tumor status (R category)                   
   R0                                  64              100
   R1                                  0               0

Immunohistochemical staining {#S20004}
----------------------------

Paraformaldehyde-fixed and paraffin-embedded blocks of specimens were cut 3-µm thick and mounted onto poly-L-lysine coated glass slides. The tissue sections were stained immunohistochemically with antigen retrieval methods \[[@CIT0018]\]. Briefly, sections were heated in a microwave oven to maintain the temperature at 92--98°C for 10--15 min, then were incubated with 10% normal goat serum for 30 min. After washing with PBS 3 times, sections were incubated with mouse anti-PDGF-B (Santa Cruz Biotechnology, Inc, USA), mouse anti-PDGFR-β (Santa Cruz Biotechnology, Inc, USA) and mouse anti-E-cadherin (Santa Cruz biotechnology, Inc, USA) primary antibody (1 : 100 dilution) at 4°C overnight, then were incubated with anti-mouse secondary antibody (1 : 100 dilution) at room temperature for 30 min. After adding 100 µl (1 : 200 dilution) streptavidin-coupled horseradish peroxidase (streptavidin-HRP), sections were incubated at room temperature for 20 min followed by adding freshly prepared 0.02% diaminobenzidine (DAB) for 3--5 min. The reaction was terminated by washing with distilled water. Tissues were counterstained with hematoxylin and returned to blue with ammonia water. After drying with gradient alcohol and xylene, tissues were mounted with 50% glycerine.

Evaluation of immunostaining {#S20005}
----------------------------

The immunoreactivity for PDGF-B, PDGFR-β and E-cadherin was localized in the cytoplasm. According to one of the established methods, staining intensity was scored as 0 (none), 1+ (weak), 2+ (moderate), or 3+ (strong). The proportion of positively stained tumor cells in lesions was scored as 0 (0%), 1 (1--25%), 2 (26--50%), 3 (51--75%), or 4 (76--100%) \[[@CIT0019], [@CIT0020]\]. When the sum of the two scores was less than 4, the section was considered negative, whereas 4 or more was considered positive for overexpression of PDGF-B and PDGFR-β.

Western blot analysis {#S20006}
---------------------

After comminution, tissues were lysed in RIPA buffer containing 50 mM Tris--HCl, 150 mM NaCl, 1% NP-40, 0.1% SDS, 0.5% sodium deoxycholate, 2 mM sodium fluoride, 2 mM Na~3~VO4~2~, 1 mM EDTA, and 1 mM EGTA, then were analyzed by western blotting \[[@CIT0021]\]. Samples (20 µg of total protein or from 1 mg of total cell proteins) were loaded onto SDS-PAGE gels (Invitrogen) and separated by size using electrophoresis. Proteins were then transferred to PVDF membranes for 1 hour. The membranes were then blotted for 1 hour with 5% milk. Membranes were incubated with primary antibodies (1 : 500 dilution) against PDGF-B (Santa Cruz Biotechnology, Inc, USA) and E-cadherin (Santa Cruz Biotechnology, Inc, USA) at 4°C overnight. After incubation with horseradish peroxidase-conjugated secondary antibody (1 : 1000 dilution) for 3 hours at 37°C, proteins were detected by ECL chemiluminescence HRP substrate for 5 minutes. The films were analyzed by densitometry with image software.

Statistical analysis {#S20007}
--------------------

Statistical Package for the Social Science software (version 15.0; SPSS Concepts) was used for the data analysis. Clinicopathological variables, as well as expression of PDGF-B, PDGFR-β and E-cadherin, were analyzed. Immunohistochemical data of PDGF-B, PDGFR-β and E-cadherin expression between gastric carcinoma and normal gastric mucosa tissues were analyzed with the χ^2^ test. The correlations between PDGF-B, PDGFR-β and E-cadherin expressions, and the other variables, were assessed with the χ^2^ and Fisher\'s exact tests. The association between PDGF-B and E-cadherin was evaluated using Spearman\'s correlation test. *P* \< 0.05 was considered to indicate a statistically significant difference.

Results {#S0008}
=======

Expression of platelet-derived growth factor B, platelet-derived growth factor receptor-β and E-cadherin {#S20009}
--------------------------------------------------------------------------------------------------------

Immunoreactivity for PDGF-B was present predominantly in the cytoplasm of the carcinoma cells ([Fig. 1A](#F0001){ref-type="fig"}). Immunoreactivity for PDGFR-β was present predominantly in the cytoplasm of tumor stromal cells and of some inflammatory cells ([Fig. 1B](#F0001){ref-type="fig"}). Immunoreactivity for E-cadherin was lower in the cytoplasm of carcinoma cells and tumor stromal cells in gastric carcinoma tissues ([Fig. 2A](#F0002){ref-type="fig"}), and was higher in the cytoplasm of normal gastric mucosa cells and stromal cells in normal gastric mucosa tissues ([Fig. 2B](#F0002){ref-type="fig"}). Positive rate of PDGF-B expression was significantly higher in gastric carcinoma tissues (45/64, 70.3%) than in normal gastric mucosa tissues (3/64, 4.7%) (*p* \< 0.05) ([Table 2](#T0002){ref-type="table"}). Positive rate of PDGFR-β expression was significantly higher in gastric carcinoma tissues (39/64, 60.9%) than in normal gastric mucosa tissues (2/64, 3.1%) (*p* \< 0.05) ([Table 2](#T0002){ref-type="table"}). Positive rate of E-cadherin expression was significantly lower in gastric carcinoma tissues (17/64, 26.6%) than in normal gastric mucosa tissues (61/64, 95.3%) (*p* \< 0.05) ([Table 2](#T0002){ref-type="table"}).

![Expression of PDGF-B and PDGFR-β protein in human gastric adenocarcinoma tissues by immunohistochemistry. Original magnification 200×. **A**) Strong expression of PDGF-B in tumor cells of gastric carcinoma cells. **B**) Strong expression of PDGFR-β in tumor stromal cells of gastric carcinoma tissues](WO-17-20630-g001){#F0001}

![Expression of E-cadherin protein in human gastric adenocarcinoma tissues and in normal gastric mucosa tissues by immunohistochemistry. Original magnification 200×. **A**) Weak expression of E-cadherin in gastric carcinoma tissues. **B**) Strong expression of E-cadherin in normal gastric mucosa tissues](WO-17-20630-g002){#F0002}

###### 

Positive rate of PDGF-B and PDGFR-β expression in gastric carcinoma tissues and normal gastric mucosa tissues

                              Gastric carcinoma tissues   Gastric mucosa tissues   *P*
  --------------------------- --------------------------- ------------------------ ---------
  **PDGF-B expression**       45/64 (70.3%)               3/64 (4.7%)              \< 0.05
  **PDGFR-β expression**      39/64 (60.9%)               2/64 (3.1%)              \< 0.05
  **E-cadherin expression**   17/64 (26.6%)               61/64 (95.3%)            \< 0.05

Gastric adenocarcinoma tissues compared with normal gastric mucosa tissues p \< 0.05

Relation between overexpression of platelet-derived growth factor B, platelet-derived growth factor receptor-β and E-cadherin and clinicopathological features of gastric carcinoma {#S20010}
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Expression of PDGF-B and PDGFR-β was positively correlated with the depth of cancer invasion (*p* \< 0.0001 and *p* \< 0.0001, respectively), lymph node metastasis (*p* \< 0.0001 and *p* \< 0.0001, respectively) and tumor-node-metastasis (TNM) stage (*p* = 0.0004 and *p* = 0.0005, respectively), but there was no difference between different grades of tumor differentiation (*p* = 0.1289 and *p* = 0.2013, respectively) ([Table 3](#T0003){ref-type="table"}). The expression of E-cadherin was negatively correlated with the depth of cancer invasion (*p* \< 0.0001), lymph node metastasis (*p* \< 0.0001) and TNM stage (*p* = 0.0004), but no difference was found between different grades of tumor differentiation (*p* = 0.2243) ([Table 4](#T0004){ref-type="table"}).

###### 

Correlation between expression of PDGF-B, PDGFR-β and clinicopathological features of gastric carcinoma

  Variable                     *n*   PDGF-B   χ^2^   *P*      PDGFR-β   χ^2^   *P*            
  ---------------------------- ----- -------- ------ -------- --------- ------ ----- -------- ---------
  Tumor differentiation                              0.392    \> 0.05                0.371    \> 0.05
   well differentiated         12    8        4                         7      5              
   moderately differentiated   18    13       5                         11     7              
   poorly differentiated       34    24       10                        21     13             
  T stage                                            9.192    \< 0.01                8.937    \< 0.01
   Tis                         0     0        0                         0      0              
   T1                          6     1        5                         0      6              
   T2                          8     3        5                         3      5              
   T3                          20    13       7                         12     8              
   T4                          30    28       2                         24     6              
  N stage                                            11.679   \< 0.01                12.059   \< 0.01
   N0                          17    4        13                        4      13             
   N1                          9     6        3                         5      4              
   N2                          16    14       2                         11     5              
   N3                          22    21       1                         19     3              
  TNM stage                                          7.398    \< 0.01                7.051    \< 0.01
   I                           8     3        5                         1      7              
   II                          18    11       7                         10     8              
   III                         36    29       7                         26     10             
   IV                          2     2        0                         2      0              

Different variable interclass date compared p \< 0.05

###### 

Correlation between expression of E-cadherin and clinicopathological features of gastric carcinoma

  Variable                     *n*   E-cadherin   χ^2^   *P*      
  ---------------------------- ----- ------------ ------ -------- ---------
  Tumor differentiation                                  0.715    \> 0.05
   well differentiated         12    3            9               
                                                                  
   moderately differentiated   18    5            13              
                                                                  
   poorly differentiated       34    9            25              
                                                                  
  T stage                                                11.309   \< 0.01
   Tis                         0     0            0               
   T1                          6     5            1               
   T2                          8     4            4               
   T3                          20    5            15              
   T4                          30    3            27              
  N stage                                                12.097   \< 0.01
   N0                          17    11           6               
   N1                          9     3            6               
   N2                          16    2            14              
   N3                          22    1            21              
  TNM stage                                              8.657    \< 0.01
   I                           8     6            2               
   II                          18    8            10              
   III                         36    3            33              
   IV                          2     0            2               

Different variable interclass date compared p \< 0.05

Relation between overexpression of platelet-derived growth factor B and underexpression of E-cadherin {#S20011}
-----------------------------------------------------------------------------------------------------

To evaluate the relation between overexpression of PDGF-B and underexpression of E-cadherin in gastric carcinoma tissue samples, western blot was performed. Nine PDGF-B positive cases of gastric carcinoma tissue specimens and 9 PDGF-B negative cases of gastric carcinoma tissue specimens were chosen for western blotting analysis. We found that E-cadherin protein expression (0.116 ±0.02) in PDGF-B positive gastric carcinoma tissues was much lower than E-cadherin protein expression (0.887 ±0.060) in PDGF-B negative gastric carcinoma tissues (*p* \< 0.05). The results showed that E-cadherin expression was negatively correlated with PDGF-B expression (*rs* = --0.489; *p* \< 0.001) ([Fig. 3](#F0003){ref-type="fig"}).

![Western blot analysis of E-cadherin in PDGF-B positive and PDGF-B negative gastric carcinoma tissues. **A**) E-cadherin protein expression in representative two couple cases of gastric carcinoma. GAPDH protein was used as protein loading control. (+): PDGF-B(+) cases; (--): PDGF-B(--) cases. **B**) E-cadherin protein expression in PDGF-B positive and PDGF-B negative gastric carcinoma tissues](WO-17-20630-g003){#F0003}

Discussion {#S0012}
==========

Metastasis is a common clinical finding in many human cancers and is the primary cause of death for most cancer patients \[[@CIT0022]\]. Both angiogenesis and EMT are important in the process of tumor metastasis \[[@CIT0011], [@CIT0023], [@CIT0024]\].

PDGF-B and PDGFR-β have been demonstrated to be expressed in many kinds of cancers \[[@CIT0005], [@CIT0007], [@CIT0025]\]. PDGF-B through interaction with PDGFR-β expressed on tumor stromal cells was thought to be one of the direct angiogenesis factors to promote tumor metastasis, and it was once thought to be the only role of PDGF-B \[[@CIT0026]\]. But, in an extensive study in which Patel *et al*. \[[@CIT0016]\] implanted PDGF-B in mouse peritoneum, the factor was shown to induce EMT. Additionally, it was widely reported that EMT was a major cause of tumor metastasis \[[@CIT0008], [@CIT0009], [@CIT0027], [@CIT0028]\]. So, we asked whether PDGF-B could induce EMT to promote tumor metastasis in gastric carcinomas.

In our study, E-cadherin as a molecular marker of EMT was detected to evaluate EMT. We found that expression of PDGF-B and PDGFR-β was much higher in gastric carcinoma tissues than normal gastric mucosa tissues, and expression of E-cadherin was much lower in gastric carcinoma tissues than normal gastric mucosa tissues ([Table 2](#T0002){ref-type="table"}). The results of the present study are consistent with the previous studies \[[@CIT0025], [@CIT0029]\]. In a previous study, it was demonstrated that positive immunostaining rates of PDGF-B and PDGFR-β correlated with lymph node metastasis \[[@CIT0025]\], the same as we reported. In addition, we also found that expression of PDGF-B and PDGFR-β was positively correlated with the depth of cancer invasion, and TNM stage, but not correlated with tumor differentiation ([Table 3](#T0003){ref-type="table"}). The expression of E-cadherin was negatively correlated with the depth of cancer invasion, lymph node metastasis and TNM stage ([Table 4](#T0004){ref-type="table"}), the same as Yuan *et al*. \[[@CIT0029]\] reported. Those results suggested that PDGF-B, PDGFR-β and E-cadherin might be useful biomarkers of tumor metastasis. But further studies were needed to explain how PDGF-B signaling and E-cadherin affect metastasis of gastric carcinoma.

In our study, we also analyzed the correlation between PDGF-B and E-cadherin expressions. We found that the correlation between PDGF-B and E-cadherin expression was negative. High expression of PDGF-B may induce down-regulation of E-cadherin ([Fig. 3](#F0003){ref-type="fig"}). Also, many studies have shown that down-regulation and relocation of E-cadherin are hallmarks of EMT \[[@CIT0011], [@CIT0030], [@CIT0031]\]. So, we might infer that PDGF-B could induce EMT to promote tumor metastasis by downregulation of E-cadherin in gastric carcinoma. However, the mechanism by which PDGF-B induced downregulation of E-cadherin is still unknown. Some interesting studies show that the PI3K/AKT pathway could induce EMT by downregulation of E-cadherin \[[@CIT0032]--[@CIT0034]\]. According to these findings, we might conjecture that PDGF-B may induce EMT by activation of the PI3K/AKT pathway so as to promote metastasis of gastric carcinoma, but further studies are needed. It might be another important role of PDGF-B signaling in promoting metastasis of gastric carcinoma.

In conclusion, we found that either the overexpression of PDGF-B and PDGFR-β or the underexpression of E-cadherin is correlated with cancer progression and lymphogenous metastasis of gastric carcinoma, suggesting that both of them may play an important role in tumor progression and metastasis of gastric carcinoma. PDGF-B signaling perhaps could not only induce angiogenesis but also induce EMT to promote metastasis of gastric carcinoma. Thus, blockage of the PDGF-B signaling pathway may be a reasonable approach for treatment of gastric carcinoma.
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